Abstract: The characteristics of airflow (pressure loss and entry loss factor) were measured around a circular slot hood for its application to a local exhaust system. Centerline velocity, defined as the ratio of air velocity on the centerline of the slot hood to average slot face velocity, was found to be independent of the airflow rate. The relationship between the centerline velocity and the ratio of centerline distance to slot width was also found to be independent of the slot size. The empirical centerline velocity equation for the circular slot hood was thus constructed to design the local exhaust system. Recommended values for airflow rate into the circular slot hood and the average slot face velocity were found to be 20.14 m3/min and 8.55 m/sec, respectively. The optimum air velocity at a capture point was also found to be 5 % of the average slot face velocity, i.e. 0.43 m/sec, and the effective ventilation with the hood was achieved with these values. The local exhaust system with the circular slot hood was installed for a mixing process of fine particles and organic solvents in a magnetic coating works. The effectiveness of the circular slot hood was confirmed by measuring the concentrations of airborne particles and vapors before and during the operation of the local exhaust system.
Introduction
A hood is an essentially important part of a local exhaust system. Among various types of hoods, a rectangular slot hood has been widely used on batch processing units such as metal surface treatment, alkaline degreasing, electrolytic galvanizing, electrolytic polishing, glazing, high temperature drenching, metal surface etching, and organic solvent rinsing.
A circular slot hood is supposed to be effective in eliminating hazardous materials during these processes, because the top openings of the chemical reactors, electrolysis vessels and hoppers are mostly in round and also periodically and frequently opened to insert raw materials. Data on the airflow 
Experimental Methods
An example of a circular slot hood which we constructed in the present study is shown in Figure 1 
Results
Characteristics of centerline velocities in a circular slot hood It was found for hoods of different slot widths that a relationship between the slot centerline velocity and the slot centerline distance was constant and independent of any airflow rate. A remarkable decrease in slot centerline velocity was observed within a distance of 50 mm from the slot opening in the hood face, but it was almost constant at a point farther than 120 mm from the opening.
The airflow around the hood was affected by the width of the slot. The slot centerline velocity decreased with the increase in centerline distance, and this tendency became more remarkable with the decrease in slot width, but the effect of the slot width on the centerline velocity was relatively small at points farther away.
The relationship between centerline velocity ((Vs/Vo) x 100) and the ratio of centerline distance (Xs) to slot width (W) was indicated on a graph with logarithmic scales ( Selection of dust collection equipment Because most of the airborne particles were of iron oxide submicron in diameter and mixed with vapors of organic solvents, a bagfilter unit with a pulse jet reconditioner was used as the dust collector. The bagfilter unit was operated under conditions of 1.3 m3/min/m2 and 200 mmAq as pressure loss. The dusts in the air stream were collected on the surface of fabric filters, which were periodically cleaned by means of a pulse jet of compressed air through venturi-tubes and nozzles. No air cleaner for organic solvent vapors was used in the local exhaust system because the concentrations of organic solvent vapors were low enough in the working environment.
Design of ductwork and selection of fan pressure ratings
The whole ductwork of the local exhaust system for the process of manufacturing magnetic coating materials is shown in Figure 5 . In the ductwork, six circular slot hoods for the mixing vessels and one booth type hood for the weighing process are connected to the dust collector through branched and main ducts. The air stream is generated with a turbo fan. The "Static Pressure Balance Method," which provides a desired airflow without the use of blast gates, was employed. At each junction, the static pressure necessary to achieve the desired flow in one stream (SP) should be equal to the static pressure in the joining air stream (SP'). As shown in Figure 5 , balanced static pressures (SP') were obtained within 1-2% tolerance. The velocity of airflow was kept constant over 20 misec to prevent a sediment of dusts in the ducts. Because the weighing procedure and the mixing process are operated at different times in this factory, Evaluation of the installed exhaust system Following the method described in the guidelines9~, the airborne concentrations of the fine particles and organic solvents were measured in the vicinity of the mixing process before and during operation of the local exhaust system with the circular slot hoods. As indicated in Figure 7 , eleven sampling points ( 1~ -© ) were selected at 150 cm above the floor, and four points ( © -© ) were set close to the openings of the hopper. Total airborne dusts (including iron oxide dust) were collected on glass fiber filters with a highvolume air-sampler at a sampling flow rate of 0.39-0.49 m3/min for about 150 min. Chromium oxide dust was rates of 0.45-0.46 m3/min for 5-8 min. Since chromium oxide was introduced into the vessel within ten seconds at each operation, the sampling was carried out intermittently. Throwing chromium oxide into the mixing vessel was done 27-48 times in a work day. The samplings of the particles and organic vapors were repeated four times, the first two before and the latter two during the operation of the local exhaust system. The quantitative analysis of chromium oxide was carried out by atomic absorption spectrophotometry.
Quantitative analysis of toluene, MEK and MIBK in the air at the sampling spots during the mixing process was carried out with detection tubes.
The concentrations of total airborne dust, chromium oxide, iron oxide, toluene, MEK and MIBK are shown in Table 1 . Before operation of the ventilation, the concentrations of total dusts and chromium oxide in the vicinity of the mixing vessel (©-©) far exceeded the threshold limit values of 4 mg/m3 and 0.5 mg/m3 issued by J.S.O.H10>, respectively. The concentrations of the organic solvents also exceeded the threshold limit values at some sampling points before the ventilation operation. It was confirmed that these high concentrations of total airborne dust, chromium oxide, MEK and toluene were reduced to levels below the threshold limit values during the operation of the exhaust system, i.e. concentrations of 133.54 and 113.16 mg/m3 total dust and 64.96 and 58.77 mg/m3 chromium oxide at © , © were decreased to 1.37 and 1.34 mg/m3 and 0.025 and 0.020 mg/ m3, respectively. For organic solvents, the concentrations were also greatly reduced by the circular slot hood. Features of the ventilation effect are visually shown in Figure 8a and 8b. It can be concluded that the circular slot hood is remarkably effective for the elimination of ducts and solvents from mixing processes when it is properly designed. 
Discussion
The slot centerline velocity in the circular slot hood is expressed in equation (1) in which the centerline velocity (Vs) can be calculated by inserting the specific Xs value into the term for the slot centerline distance from the slot hood opening. Table 2 shows the observed and calculated values for centerline velocities.
Since the calculated centerline velocities from equation (1) were approximately equal to the observed ones from the laboratory experiment for any Xs values, equation (1) Valle measured the velocity pressure with a special Pitot tube and a Whalen guage'1 and calculated the velocities from the measured velocity pressure. It is known that with the Pitot tube and Whalen gauge, error often occurs in the low velocity range below 5 m/sec. Deviations in the plots from the regression line became relatively large in the 175-250 mm range in Xs (Fig. 2) . This is because the direction of airflow at the center of the round opening becomes perpendicular to the centerline of the slot hood.
As shown in Figure 3 , the entry loss factor (Fh) for the circular slot hood was in inversely linear proportion to the aspect ratio of the slot (W/L) , but according to the ACGIH manual12~, the Fh value for a rectangular slot hood is constant at 1.78 when the W/L is below 0.2. The Fh values ranging from 0.1 to 0.6 obtained in the present study, were much smaller than the Fh value of 1.7812) obtained with the rectangular slot hood. The difference between the two types of hood is considered to be attributable to the contribution of the flanged opening and the plenum box to the Fh values in the circular slot hood. In a previous study on the characteristics of pressure loss13}, the author reported that round openings with flanges reduced the Fh value by half of those without a flange. The plenum box is thought to function like a flange at the opening.
As shown in Table 1 , the concentrations of fine airborne particles and three organic solvents were reduced remarkably to levels below the threshold limit values (TLV)10) during operation of the local exhaust system with the circular slot hood. Concentrations of total airborne dust and chromium oxide were particularly reduced at the sampling points (0 and I) close to the mixing vessel. This indicates that the circular slot hood effectively eliminated the dispersed fine particles when putting the raw materials into the mixing vessel. The concentrations of airborne MEK exceeded the TLV of 200 ppm10~ at many sampling points before operation of the local exhaust system with the circular slot hood, but the concentrations of MEK were also effectively reduced to far below the TLV. The average concentrations of MEK, MIBK and toluene at all the sampling points were 10.12, 2.74 and 4.2 ppm, respectively, during operation of the local exhaust system. The saturated vapor pressures for MEK, MIBK, and toluene were 71, 16 and 22 mmHg at 20°C, respectively. The most volatile MEK of the three gave the highest airborne concentration before and during operation of the local exhaust system. The concentrations of MIBK and toluene were below or close to each TLV even before operation of the local exhaust system. This is due to their lower volatility. Since the Fh value for the circular slot hood is far smaller than that of a rectangular slot hood reported previously12~, a circular slot hood can be operated under conditions of smaller pressure loss and less power for a fan giving a higher cost performance.
In conclusion, a circular slot hood properly designed can be applied effectively to many batch manufacturing processes in reactors, mixing vessels and hoppers equipped with round openings at the top. 
